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SUMMARY

Background: More than 800 hospitals and 586 intensive care units (ICUs) in
Germany currently participate in a nationwide surveillance system for noso-
comial infections (Krankenhaus-Infektions-Surveillance-System, KISS), which
collects data on the frequency of nosocomial infections and pathogens and on
the appearance of pathogens of special epidemiological importance.

Methods: Data were collected from ICUs regarding lower respiratory tract in-
fections, primary sepsis, and urinary tract infections and on the temporal
relation of these types of infection to the use of specific medical devices (in-
vasive ventilation, central venous catheters, and urinary catheters). On the
basis of these data, device-associated infection rates (number of infection per
1000 device days) were calculated for different types of ICUs. KISS also col-
lected data on all ICU patients colonized or infected with selected multidrug-
resistant organisms (MDRO) and on all hospitalized patients with methicillin-
resistant Staphylococcus aureus (MRSA) and Clostridium difficile-associated
diarrhea (CDAD).

Results: Device-associated infection rates ranged from 0.9 to 9.6 per 1000
device-days, depending on the type of infection and the type of ICU. An extra-
polation from these figures yields an estimate of 57 900 ICU-acquired infec-
tions occurring in Germany each year. The most common MDRO in ICU patients
is MRSA. The frequency of MRSA has remained stable in recent years, but that
of other MDROs among ICU patients is rising. Hospitalized patients are twice as
likely to acquire CDAD as they are to acquire MRSA.

Conclusion: Nosocomial infections are common in the ICU. The percentage of
ICU patients with MDRO is low, but rising. Future preventive strategies must
address this development.
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Nosocomial infections are one of the most common
complications of hospitalization and lead to increased
morbidity and mortality (1, 2). These infections pro-
long hospitalization, require more extensive diag-
nostics and treatment, and are associated with addi-
tional costs (3, 4). Infection with multidrug-resistant
pathogens can also further complicate treatment.
Greater emphasis must be placed on the prevention of
nosocomial infections and containment of multidrug-
resistant pathogens both to improve patient safety and
to optimize the use of increasingly limited financial
resources. It has been shown both nationally and inter-
nationally that reporting and analyzing nosocomial in-
fections with subsequent changes to infection control
measures (surveillance) can prevent nosocomial infec-
tions (5-7). Implementation of a surveillance system
has therefore been regulated in the German Infection
Protection Act §23. It is essential that comparable data
from other facilities is available to improve the effec-
tiveness of surveillance systems (8). A nationwide
surveillance system for the most important nosocomial
infections, the Krankenhaus-Infektions-Surveillance-
System or KISS, was established in 1996 to ensure that
such reference data is available across Germany. KISS
is a project run by the German National Reference
Center for the Surveillance of Nosocomial Infections
(Nationales Referenzzentrum fiir Surveillance von no-
sokomialen Infektionen, NRZ) and has developed into
a national network with more than 800 voluntarily par-
ticipating hospitals. KISS is made up of several mod-
ules and provides surveillance methods and reference
data on various infection-related endpoints. Noso-
comial infections, the frequency of patients with
epidemiologically important pathogens (methicillin-
resistant Staphylococcus aureus [MRSA], vancomycin-
resistant enterococci [VRE], extended-spectrum
beta-lactamase-producing Escherichia coli and Kleb-
siella pneumoniae [ESBL], and Clostridium difficile-
associated diarrhea [CDAD]) and additional indicators
of hygiene management such as consumption of anti-
biotics and hand disinfectants are all monitored. The
software required to manage the data is provided to
hospitals free of charge. KISS uses data that is collected
during routine care of patients for the most part to gain
the necessary information to optimize the management
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of infection prevention. The data also provide im-
portant information about the epidemiology of nosoco-
mial infections and important pathogens in Germany.
This report presents epidemiological data from KISS
about nosocomial infections and their pathogens and
about patients with multidrug-resistant organisms
(MDROs) in ICUs and data about the frequency of
patients with MRSA and CDAD in hospitals.

Method

Nosocomial infections and ICU patients with MDRO
Surveillance of nosocomial infections in intensive care
units (ICUs) is conducted in the ICU-KISS module (9).
The most important basic data (patients, patient-days,
patient-days with the use of particular medical pro-
cedures (devices such as invasive ventilation, central
venous catheters [CVC], and urinary catheters [UC]))
are collected by the participating ICUs in the form of
midnight census statistics. All ICU patients are pros-
pectively observed for development of a nosocomial in-
fection of the lower respiratory tract (LRTI), primary
bloodstream infection (BSI) and urinary tract infection.
Diagnosis is based on specific definitions which, de-
pending on the type of infection, include combinations
of microbiological and/or radiological findings and
clinical signs of infection (10). Other variables such as
the date of infection, temporal association of the infec-
tion with devices (ventilation or central venous catheter
or urinary catheter), and verified pathogens are docu-
mented for every nosocomial infection. Patients with
MRSA, VRE and ESBL can also be monitored. Patients
known to be infected with MDROs or whose MDROs
are detected during treatment are included. Coloni-
zation with MDROs or pre-existing infection with
MDROs are also recorded. Conducting routine screen-
ing examinations to determine the presence of MDROs
is not prescribed by KISS but is done in accordance
with the internal specifications of the particular ICU.
When an MDRO first manifests the probable acquisi-
tion of the pathogen is classified as “pre-existing”
(MDRO known upon admission or verified with the
first 48 hours) or “not known upon admission/acquired
nosocomially in the ICU” (initial verification more than
48 hours after admission to the ICU). (Definition of the
time interval to differentiate between pre-existing/no-
socomial has recently been changed to: pre-existing =
verification on day 1 of hospitalization [day of admis-
sion], day 2 or 3 of hospitalization; nosocomial = ver-
ified after day 3 of hospitalization).

The frequency of patients with MDRO is indicated
as the prevalence (patients with MDRO/100 patients)
and the frequency of acquisition of MDRO in the ICU
is indicated as incidence density (patients with nosoco-
mial MDRO/1000 patient-days).

Attendance at an introductory course which explains
the methodology for surveillance and provides training
in diagnosing nosocomial infections based on the defi-
nitions is a prerequisite for participating in ICU-KISS.
Participants must repeat the diagnostic training once a
year. The validity of the infection reports and the
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The most common pathogens for nosocomial infections (NI) in ICUs; proportion of nosocomial infections (in %) with the relevant pathogen for
ventilator-associated infections of the lower respiratory tract, CVC-associated bloodstream infections, and UC-associated urinary tract infecti-
ons; total and stratified by ICU type
o EEEE
disciplinary | disciplinary surgical logical surgical
NI with pathogen (%) <400 beds | =400 beds
Ventilator-associated infections of the lower respiratory tract
S. aureus (total) 20.6 19.8 226 19.1 19.8 32.6 1.2 31.8 8.7
- of which MRSA 72 9.6 8.7 6.1 6 52 0.9 13.6 27
P. aeruginosa 17.7 21.8 19.7 16.4 17.2 10.4 16.4 10.3 133
Klebsiella spp. 12.3 10.2 137 10.6 12.7 14.1 12.1 11.2 121
E. coli 12.2 10 14.6 10.1 124 14.8 6 76 1.6
Enterobacter spp. 5.8 5.8 9.1 6.7 94 1 1.2 9.7 1.1
CVC-associated BSI
CNS 32.1 26.1 29.3 329 336 41 343 42 38.2
S. aureus (total) 8.7 1.1 9.1 9.2 7.8 9.5 1.2 5 45
— of which MRSA 58 8.6 57 52 6 22 1.4 4 4.9
Enterococcus 18.5 16.9 20.2 24 174 1.7 133 13 174
Klebsiella spp. 5.2 74 6 4.2 42 37 6.3 6 4.5
Candida albicans 5.6 8.5 48 39 6.5 29 28 3 59
UC-associated urinary tract infection
E. coli 27.8 27.2 26.6 25.1 283 354 na. 25.8 225
Enterococcus 26.5 274 276 26.3 21.6 22.8 na. 255 14.9
P. aeruginosa 14.2 14.8 14.7 1.2 15.2 13.2 n.a. 13.6 12.2
Candida albicans*' 8.7 7 10 12.5 7.8 47 n.a. 10.4 6.3
Klebsiella spp. 8.1 8 8.5 7.2 7.8 9.2 n.a. 9.3 9.5
Enterobacter spp. 5 4.9 5.2 33 49 7.3 n.a. 43 7.7

*! as sole pathogen; CNS, coagulase-negative staphylococci; n.a., no data available due to insufficient quantity of data (< 100 infections)

representativeness of the ICU-KISS data were
reviewed in two studies (11, 12).

Surveillance is conducted in about 60% of the ICUs
by infection control personnel and in about 30% of the
ICUs by the senior physician or the ward physician
responsible for infection control and in the remaining
10% by other personnel. The basic data from an ICU,
the infection data, and the MDROs are entered into a
web-based computerized system. Data are exchanged
with KISS via this system and at any time wards can
generate analyses of their own data, which include a
comparison with the reference data provided by KISS
(13).

Utilization rates for the ICUs (number of ventilator-
days, CVC-days, urinary catheter-days/100 patient-
days) are calculated to characterize the ICU in terms of
the frequency of utilization of ventilation, CVCs, and
urinary catheters. The infections are standardized to
device-days by calculating the device-associated infec-
tion rates, which express, for example, how many
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CVC-associated bloodstream infections (BSI) per 1000
CVC-days have occurred (number of CVC-associated
BSI/number of CVC-days multiplied by 1000). The
UC-associated urinary tract infection rate and a venti-
lator-associated respiratory tract infection rate are cal-
culated similarly.

The infection rates for different types of ICUs are
reported separately (interdisciplinary, surgical, internist
ICU, etc.) to obtain a better overview of the different
infection risks for different patient populations. Inter-
disciplinary ICUs are also differentiated on the basis of
hospital size (< 400 beds and 400 beds or more). The
annually updated reference data always refer to the pre-
vious 5-year period in order to ensure that the reference
data has a high degree of statistical certainty.

Extrapolation of the frequency of nosocomial infections in ICUs
in Germany

The data generated by KISS will be used to extrapolate
the annual occurrence of nosocomial infections in
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intensive care units in Germany. The reference utili-
zation rates for CVC, urinary catheters, ventilation and
device-associated infection rates for ICU KISS for
2005 to 2009 and the basic data from the hospitals
provided by the German Federal Statistical Office for
2008 were used to extrapolate the frequency of noso-
comial infections in ICUs in Germany for 2008 (13,
14).

Patients with epidemiologically important pathogens in the
hospital

The frequency of the occurrence of MRSA and CDAD
in the entire hospital is collected in the KISS modules
MRSA-KISS and CDAD-KISS respectively (15). Pre-
existing and nosocomial infections are differentiated
using the same time limits as described for the ICU-
KISS module for MDRO surveillance. The frequency
of the occurrence of patients with MRSA and CDAD is
determined for each calendar year and is based on the
number of patients and patient-days for the calendar
year of the hospital. To express the frequency, the
prevalence of MRSA (number of cases of MRSA/100
treatment cases) or CDAD (number of CDAD
cases/100 treatment cases) is calculated for both mod-
ules. The frequency of nosocomially acquired MRSA
or nosocomial occurrence of CDAD is expressed as the
incidence density (number of nosocomial MRSA or
nosocomial CDAD/1000 patient-days).

Results

Nosocomial infections and their infectious agents in ICUs

From January 2005 to December 2009 586 intensive
care units supplied ICU-KISS with data. Data from a
total of 1 651 941 intensive care patients with
5 876 973 ICU-days were entered into the reference
data. Figure I shows the number of ICUs that partici-
pated stratified by ICU type. The device-associated in-
fection rates for the different types of ICU are shown in
Figure 2.

A pathogen could be identified for 13 745 (88%) of
the total 15 607 ventilator-associated LRTIs, for 5067
(100%) of the CVC-associated BSI cases, and for 9065
(97%) of the 9357 UC-associated urinary tract infec-
tions that developed in the ICU. The 7able shows the
proportion of nosocomial infections for which the spec-
ified pathogen could be identified as the infectious
agent for the five most common pathogens for each
type of infection according to the type of ICU. Large
differences could be determined in some cases between
different types of ICU. For example, in pediatric ICUs
MRSA is identified as the pathogen in less than 1% of
ventilator-associated LRTIs while in neurological ICUs
the proportion of MRSA infections among ventilator-
associated LRTIs was almost 14%.

Frequency of nosocomial infections in intensive care units

The data generated by KISS on device-utilization
frequency and on the frequency of development of no-
socomial infections during use of the devices enable
extrapolations to be made of the annual occurrence of
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nosocomial infections in intensive care units in Ger-
many. According to statements from the German
Federal Statistical Office in 2008 there were a total of
7 042 898 patient-days in ICUs (14). From KISS it can
be calculated that there were 2.9 million ventilator-days
(ICU-KISS ventilation rate 41%), 4.8 million CVC-
days (CVC utilization rate 68%), and 5.7 million UC-
days (UC utilization rate 81%). Across all ICU types in
KISS infection rates per 1000 device-days were calcu-
lated for ventilator-associated respiratory tract infec-
tions (6.53), CVC-associated BSI (1.26), and for UC-
associated urinary tract infections (1.97). From the total
days of risk in ICUs and the infection frequency during
such days of risk, the result is annually approximately
18 900 ventilator-associated infections of the lower re-
spiratory tract, 6000 CVC-associated cases of BSI, and
11 200 wurinary catheter-associated urinary tract
infections, giving a total of 36 100 device-associated
infections in intensive care units. The proportion of
device-associated infections amongst these nosocomial
infection types (78%) and the proportion these types of
infection make up of all nosocomial infections (80%) is
known from a representative investigation of the
prevalence of nosocomial infections in Germany (16).
Calculations based on these 36 100 device-associated
infections yield an estimated total number of 57 900 in-
fections that develop each year in intensive care units in
Germany.

Occurrence of patients with MDRO in ICUs

In the period from 2005 to 2009 345 intensive care
units recorded data about patients with MDROs.
Among the 946 485 patients treated in the ICUs in this
period (with 3 456 110 patient-days), MRSA was de-
tected in 13 468 patients, ESBL in 3466 patients, and
VRE in 1260 patients upon admission or during treat-
ment in the ICU. Among 751 ICU patients on average
one patient was therefore colonized or infected with
VRE. On the other hand, one patient is colonized or
infected with ESBL amongst 273 ICU patients and
every 70" ICU patient in Germany is colonized or in-
fected with MRSA. Figure 3 shows the opposing trend
in the development over time of admission prevalence
of MRSA in ICUs and the incidence density of noso-
comial ICU-acquired MRSA, resulting in a high, but
stable, level of occurrence of patients with MRSA in
ICUs (Figure 4). In contrast, the frequency of patients
with VRE and with ESBL in particular increased from
2005 to 2009 (Figure 4).

Patients with MRSA and CDAD in hospitals

Fifty-nine hospitals with 1 565 084 patients registered
data with KISS on the frequency of patients with
CDAD and 184 hospitals with 3 283 136 patients regis-
tered data on the frequency of the occurrence of pa-
tients with MRSA for 2008. This yields an average of
96 CDAD cases and 134 MRSA cases per hospital per
year. This corresponds to a hospital prevalence of 0.35
for CDAD and 0.75 for MRSA. Of the cases of patients
with MRSA treated each year in hospitals, 75% are
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cases of pre-existing MRSA colonization/infection in
which the MRSA was either acquired during previous
hospitalization, from other hospitals or medical facil-
ities or via other routes. The ratio for CDAD, however,
is almost reversed with a proportion of 70% for noso-
comial infections. During hospitalization the risk of
acquiring CDAD is almost twice as high as the risk of
acquiring MRSA for the first time (Figure 5).

Discussion

The primary aims of KISS were to provide a uniform
surveillance method and comparable values for internal
quality management. The data collected as part of KISS
were used in the present study to draw conclusions
about the frequency of nosocomial infections and the
occurrence of epidemiologically important pathogens
in Germany.

Between 2005 and 2009 586 ICUs recorded data
about nosocomial infections in KISS. Extrapolations
based on the KISS data about nosocomial infections
yield a frequency of 57 900 newly acquired infections
each year in intensive care units in Germany. In differ-
ent studies reductions of between 11% and 55% could
be achieved by introducing different infection control
strategies, revealing a prevention potential of signifi-
cant magnitude (17).

The infection rates stratified by ICU type reveal
large differences in some cases. The differences in the
infection frequencies reflect the risk structures of the
different populations in the ICUs. For example, an in-
creased risk of pneumonia is known for thoracic pro-
cedures or a decline in vigilance that is manifested in
comparably higher ventilator-associated LRTI rates in
cardiac surgery and neurosurgery ICUs. The age struc-
ture of the patients treated in different types of ICU also
impacts the level of infection rates as revealed in the
comparably low infection rates for urinary tract
infections and infections of the lower respiratory tract
in pediatric ICUs. These differences highlight the
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importance of separately reporting comparative data for
the individual types of ICU. The world’s largest sur-
veillance system for nosocomial infections, the NHSN
in the U.S., which uses an almost identical surveillance
method to that of KISS, also stratifies the infection
rates generated in the system by the type of intensive
care unit (18). Differences in the infection frequencies
can also be seen here when comparing the individual
types of ICU. The maximum values for U.S. infection
rates for CVC-associated BSI and urinary catheter-
associated urinary tract infections are higher than in the
German KISS. These are, however, determined in types
of ICU that are not represented in the ICU-KISS (such
as serious burns victims). When infection rates for
identical ICU types in the U.S. and Germany are com-
pared, however, the differences are less remarkable.
For example, the CVC-associated BSI rate is 1.3 for
neurological ICUs in KISS and 1.4 CVC-associated
BSI cases/1000 CVC-days in the U.S.

In ICU-KISS there are large differences in the most
common pathogens for nosocomial infections for each
type of ICU. An investigation from Spain revealed
clear differences in some cases in the distribution of
pathogens for ventilator-associated pneumonia across
different ICUs (19). The causal pathogens are deter-
mined to a large extent by patient-specific factors
(underlying disease, duration of ventilation, previous
antibiotic therapy) (20). There are only three studies of
the pathogen distribution for which data were collected
from a large number of ICUs and which took into ac-
count the type of ICU (21-23). KISS is the only source

® The Hospital Infection Surveillance System (KISS,
Krankenhaus-Infektions-Surveillance-System) is a sur-
veillance system for internal hygiene quality manage-
ment with more than 800 hospitals across Germany
participating. From the data generated by KISS con-
clusions can be drawn about the epidemiology of noso-
comial infections and of pathogens of particular impor-
tance in Germany.

® Based on data from 586 ICUs in KISS, the number of
newly acquired infections each year in ICUs in Ger-
many is estimated to be 57 900.

® The infection rates for nosocomial infections and their
pathogens differ greatly between different types of ICU
corresponding to the different risk structure of the
patients.

® The proportion of ICU patients with MRSA has re-
mained constant for several years. On the other hand,
there has been a pronounced increase in the proportion
of ICU patients with extended-spectrum beta-
lactamase-producing Escherichia coli and Klebsiella
pneumoniae (ESBL).

® During hospitalization nosocomial Clostridium difficile-
associated diarrhea (CDAD) occurs more frequently
than newly acquired methicillin-resistant Staphylococ-
cus aureus (MRSA).

in Germany of such comparative data generated in ac-
cordance with a uniform methodology and on such a
large scale.

Data on the resistance situation with Staphylococcus
aureus, for example, is available from the Paul-Ehrlich-
Society (Paul-Ehrlich-Gesellschaft, PEG) (24). The
data, however, are microbiological laboratory data on
resistance rates based on tested pathogens without ref-
erence to population, meaning that direct comparisons
between KISS data and that of PEG are scarcely
feasible. What can be determined in both systems, how-
ever, is that MRSA has now appeared to reach a stable
plateau both in terms of resistance rates in the PEG data
and in reference to populations in the ICU-KISS (25).
On the other hand, the frequency of patients with VRE
and ESBL in ICUs has increased. In the hospital the
risk of newly acquiring CDAD is higher than that of
acquiring MRSA. This reveals problematic areas, the
development of which should be very closely moni-
tored. The opportunities for pathogen surveillance in
KISS will be expanded from 2012 to stay abreast of
these developments.
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